The lifetime of electrons in the first excited Landau level of n-GaAs is determined from a combination of measurements of far infrared cyclotron resonance induced absorption and conductivity change. Values of T 1 of the order of io-8s for densities of excited electrons of 1011 cm-3 and a temperature dependence of T-2.7 are found. An upper limit for the N = 0 Landau level to donor recombination time of the order of iO9s was derived from pulsed conductivity measurements.
Recentl~rtw~dif!erent methcds have been
where W denotes the induced transition rate of reported1 ,2 to determine the lifetime of elec-cyclotron resonant absorption. The electrons trons in the N = 1 Landau level in n-InSb by which are excited to the N = 1 Landau level cyclotron resonance absorption. Gornik et al.1 relax to the N = 0 Landau state and the donor determined this lifetime from saturation absorp-ground state with the transition rates t~and tion measurements with an optically pumped t~respectively. The electrons occupying the molecular laser. Wilier and Gornik2 used obser-lowest Landau state return to the donor ground vations of the transient decay of the photo-state with the recombination rate t~1 and the conductivity following pulsed far infrared reverse process occurs with tj~. It is further excitation. assumed that t~<< t~and that at thermal
In this paper a new method is presented to equilibrium n~= 0. determine the Landau level lifetime from a corn-From the steady state condition for the bination of measurements of the far infrared rate equations, i.e dni/dt = 0, the conservacyclotron resonance induced absorption and con-tion of electrons n 1 + n2 + n3 = n~+ n~, and ductivity change in n-GaAs. The observed life-the detailed balance at thermal equilibrium, times which are of the order of 10 8s for tT~n?= t~1n~,one can show that the absorption electron densities in the excited level of coefficient a is given by the following expres-1011 cm3 suggest acoustic phonon scattering as sion: the dominant relaxation process and are consistent with upper limits determined from a = (n -n ) =~W° (2) pulsed excitation measurements. The lifetime -2 3 I I 1 + WT n 2 shows further a temperature dependence of T 2•T for temperature values of P = 11 K -314 K. From where I is the intensity of radiation at the pulsed cyclotron resonance induced conductivity sample, and measurements an upper limit of the order of io-9~for the lifetime of the N = 0 Landau 1 1 1 1 1 level i.e. the recombination-time to the donor T = (2t~2
As shown in a previous paper 3 the mechanism underlying the change in the conductivity under For the relative change in the conductivity one cyclotron resonance conditions can be described obtains, by a three level model (see Fig. 1 ). F~ccitation of electrons from the lowest Landau level (2) -o o o to the first excited Landau level (3) is follow-AO/O -An/n 2 = (n2+n3_n2)/n2 ed by thermal equilibration of electrons from ri~(14) the donor ground state (1) to the depleted T1l owest Landau level, thus increasing the free 1 + WT n1 + n2 carrier density (&n) and therefore the ôonductivity. This process can be described by the following set of rate equations:
with T1 = t32. The electronic lifetime T1 1 1 follows directly from Eq. (2), (3) and showing that T1 can be calculated from the (See Fig. 2 ).The magnitude of the observed relative change in the conductivity An/n, the lifetime and its temperature dependence suggest absorption coefficient a, the carrier density acoustic phonon scattering as the dominant n~and the number of unionized donors relaxation process2, 14,5. n~= ND -NA -n~at thermal equilibrium. An/n From the steady state analysis of the was measured as a relative change in the three level model it follows that the hf evoltage over the sample under constant current times cannot be obtained from steady state 0 conditions; n 2 was determined from Hall-effect measurements. In order to get at least some measurements as a function of temperature. The quantitative experimental confirmation about peak absorption coefficient a was calculated these lifetimes we also measured the conducfrom the transmission data by using tivity response of the n-GaAs sample to a a = [ln(W'/W") + (rW"/W') 2 -r21/d, where r is far infrared pulse under cyclotron resonance the reflectance of each sample surface, d is conditions. The far infrared pulses at the sample thickness and Ii' and W" are the in-A = 118.8 pm were generated in a CH 3OH moletensities off and on resonance. The samples cular laser optically pumped by a aimultanewere chosen such that a d < 1 to minimize ously current-and Q-switched conventional CO2 errors due to variation of the absorbed power laser. A peak power of about 10 kW and a pulse within the sample. duration of 100 ns were obtained for the P(36) Fig. 2 shows the values o±T1 as a func-pulnphine giving rise to very strong far infration of the temperature deduced from measure-red pulses up to pressures of CH3OH of a few ments on an n-GaAs sample of the following Torr. A more complete d~scriptionof the system characteristics: n = 1.6 x 1015 cm-3, will be given elsewhere . The electrical scheme p = 7610 cm 2V-ls~at T = 300 K. Both the for detection of the pulsed conductivity change transmission and the conductivity were measured in the n-GaAs sample was similar to that used in the Faraday configuration in the temperature by Kohl et al.7 for their fast far infrared range from T = 11 K to 314 K and with far infra-photoconductive detector and had a risetime of red radiation from a cv optically pumped CH 9 from the the pulsed method. In fact saturation absorprecombination time of impact ionized free tion measurements are only feasible for detercarriers for zero magnetic field. The decay mination of lifetimes in highly nomparabolic time of the observed pulse o±125 xis gives an materials hike In-Sb, where absorption occurs upper limit to the effective recombination time only between two Landau levels. In case of the resulting from the cascade transition N I to nearly parabolic conduction band of n-GaAs the N = 0 to donor ground state. Since t 21 < 1o 9s Landau levels are nearly equally spaced so that it follows that t~2 < 10 7s which is not in-saturation absorption implies continuous exciconsistent with tEe results of the steady state tation in the Landau ladder up to the optical measurements as described above.
phonon emission energy, E 0~~35 meV. Lifetimes In conclusion we have shown that a combi-extracted from saturation absorption measurenation of measurements of the absorption co-ments in a parabolic material will therefore efficient and the associated conductivity be determined by optical phonon emission. change under cyclotron resonance conditions Moreover the large number of excited can be used to determine the electronic life-carriers which are present at saturating contime of the first excited Landau level in ditions changes the relaxation mechanism from n-GaAs. Though this method has been used for acoustical phonon-to electron-election scattemperatures from 11 K to 314 K this region can tering as was shown by Gornik et al. for be easily extended to lower temperatures. To xi-InSb. The method described in this paper higher temperatures the method is limited by allows determination of electronic lifetimes the condition for Landau quantization at nearly thermal equilibrium conditions as hwc = heB/m~> kT. A principal limitation was shown. The method can easily be extended to arises from the donor ionization energy since considerable deviations from thermal equihifor E3 < kT the donors are completely ionized brium by using higher intensities of the mci- response of a n-GaAs sample. The pulse shape is independent of the magnetic field; the peak amplitude varies with magnetic field as is shown in the insert. The pulse shape gives an upper limit (determined by the measuring system) for the relevant electronic lifetines. hated to the hot electron effect as mentioned Laboratories for preparing the samples. Part above.
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